A superconducting tokamak called KSTAR is now under construction at the Korea Basic Science Institute in Korea. The KSTAR will be operated in 2004 with Electron Cyclotron Heating (ECH) for pre-ionization and start-up assist.
Introduction
ECH pre-ionization and breakdown have been effectively used for many years to start tokamak discharges in small tokamaks and large tokamaks. Many of these experiments were motivated by the pioneering work of Peng et al. [1] . The ECH pre-ionization aids plasma breakdown, thereby lowering the loop voltage (and the integrated volt-sec) required for initiating plasmas. A survey of experiments and theory on ECH preionization and breakdown in tokamaks was described in reference [2] . The Lower-Hybrid (LH) system is required to investigate the physics issues related to the steady-state operation. It provides off-axis currentprofile control, efficient bulk current drive, and electron heating. The capability of maintaining steady-state currents has been demonstrated in the experiments [3, 4] . [11] . Now, we are developing more advanced pre-ionization code for KSTAR with 7-pairs of superconducting poloidal coils. Temporal behaviors of electron temperature and plasma current with impurity ions of carbon and oxygen. When there are more than 0.14 % carbon impurity ions, the electron temperature and plasma current decay after the time of 0.1 s, which is the RF power duration. Therefore, for comparable impurity effects with no impurity condition, the fraction of carbon impurity ions is set to 0.1 % in all subsequent studies. The log-log plot shows that a small current can be produced by a very small amount of RF power. However, both T e and I p increase dramatically in the range of 50 to 70 kW without impurity. The range moves to a range of 200 to 400 kW when there exist impurities of 0.1 %. In this critical power range, the electron temperature suddenly rises and the plasma eventually becomes more than 99 % ionized.
Pre-ionization

Pre-ionization Simulations -Neutral Density Scan
Pre-ionization Simulations -Critical RF Power P rf_crit The value of P rf at the value of I p where the error field loss goes to zero is defined as P rf_crit . When there exist impurities of 0.1 %, the power required at Berr = 5 mT is much higher than the power required in case of no impurity. The fit displayed is quadratic without impurity and hyperbolic with impurity of 0.1 %. (Right) P rf_crit decreases to 21 kW for long pulses for the B err = 2 mT and P rf_crit decreases 155 kW for the B err = 5 mT with no impurity. When impurities exist, P rf_crit decrease to 300 kW for the B err = 5 mT.
Fig. 5. (Left).
The plasma current I p (t) with given P rf_crit of pulse duration of T rf and first zero loss time t err for the B err = 2 mT when impurities exist. This plot shows the first zero error loss time t err is less than T rf from the current change of time. This means that the error field loss goes to zero at time much less than T rf with given P rf_crit which is defined as the value of RF power at the value of I p where error field loss goes to zero at t = T rf . Both T e and I p at t = 0.1 s decrease as a function of the error field without impurities and with impurities. The existence of impurity causes a large variation in the values of both I p and T e . After the initial conditions are met and the plasma current exceeds a minimum that is a function of the error field, the field error and drift losses go to zero. 
Pre-ionization Simulations -Conclusion
The results generally show that the application of RF power up to 500 kW will have a beneficial effect on starting the current in KSTAR. From the specific scans of some parameters, it is shown that impurities give rise to diminishments of both T e and I p . It is also shown that the higher values of P rf_crit are required when there exist impurities. In the preionization model that is used in these studies, we conclude that the effects of impurities must be considered as a serious problem.
This model has been tested on ISX-B but it has not been tested on a larger device such as KSTAR. Further improvements are needed such as the inclusion of other impurities and refinement of the circuit equations to accommodate multiple super-conducting poloidal field coils. 
On LH RF Frequency
On optimum LH frequency for KSTAR tokamak, following conditions are considered;
1. we first consider the density limit above which wave damping is mostly in ions, reducing therefore drastically current-drive efficiency. The higher LH-wave frequency, the higher the density limit. The current-drive efficiency becomes small as the density increases for a given LH-wave frequency.
2. Next, we consider the available high power CW klystrons for higher frequencies. There are no high power CW klystrons available for frequencies between 5.0 GHz and 5.7 GHz. Therefore, we are going to develop a suitable one.
3. Finally, we consider the optimum N || spectrum. The LH-wave can be injected with N || spectrum in some range by adjusting the phase shift between waveguides in the launcher antenna. But, the N || must be larger than N ||acc (the accessible N || ) for the LH-wave penetration through the tokamak plasma. N ||acc depends on the LH wave frequency for the given plasma density and the toroidal magnetic fields. N ||acc becomes large for the high LH-wave frequency. On the other hand, N ||~ 1/(f LH b), where f LH is the LH wave frequency and b is waveguide width of the antenna. N || becomes small for the high LH-wave frequency. It means that b must be very small for N || larger than N ||acc . However, the practical manufacturing and cooling of waveguide antenna is difficult with small b. We studied various options for the optimum values of LH frequency, RF source power, and b. The results were presented at KPS conference in Spring, 2000 [12] . 
